Relation of Smoking
Collaborative Research Group* Background Cigarette smoking has been associated with increased risk of atherosclerotic diseases in hospital-based studies and in studies of middle-aged populations but not in population-based studies of older adults with and without clinical cardiovascular disease.
Methods and Results We investigated the relation of smoking to carotid artery atherosclerotic disease, expressed as intimal-medial wall thickness and arterial lumen narrowing (stenosis) measured by ultrasound. Subjects were 5116 older adults participating in the baseline examination of the Cardiovascular Health Study, a community-based study of cardiovascular diseases in older age. With increased smoking there was significantly greater internal and common carotid wall thickening and internal carotid stenosis: current smokers>former smokers>never-smokers; for instance, the unadjusted percent stenosis was 24%, 20%, and 16%, respectively (P<.0001). A significant dose-response relation was seen with pack-years of C igarette smoking is firmly established as a risk factor for coronary heart disease, peripheral vascular disease, and stroke.12 One possible explanation for this relation is that smoking increases the formation of atherosclerosis. Indeed, chronic cigarette smoking has been associated with an increased risk of atherosclerotic diseases of the coronary, aortic, abdominal, and peripheral arteries1 and, more recently, of the extracranial carotid arteries.3-6 Most previous studies relating smoking to carotid artery disease have been performed as hospital-based studies34 or in studies of middle-aged populations. [5] [6] [7] [8] No studies have related smoking to carotid artery disease in population-based samples of older adults and in people with and without clinical cardiovascular disease.
The purpose of this study is to report the cross-sectional associations between cigarette smoking and carotid artery smoking. These findings persisted after adjusting for other cardiovascular risk factors and were also confirmed when analyses were restricted to those without prevalent cardiovascular disease. The difference in internal carotid wall thickness between current smokers and nonsmokers was greater than the difference associated with 10 years of age among never-smoking participants (0.39 mm versus 0.31 mm). Among all participants, the prevalence of clinically significant (>50%) internal carotid stenosis increased from 4.4% in never-smokers to 7.3% in former smokers to 9.5% in current smokers (P<.0001). arteries and three longitudinal views in different imaging planes of each internal carotid artery. The internal carotid artery was defined as including the carotid bulb, identified by the loss of the parallel wall present in the common carotid artery, and the 10-mm segment of the internal carotid artery distal to the tip of the flow divider that separates the external and internal carotid arteries. Studies were recorded and read at the Ultrasound Reading Center. The high-resolution images of the common and internal carotid arteries were analyzed to calculate the average intimal-medial thickness of the near and far walls. All measurements of wall thickness were calculated using a specially designed computer program.
Conclsions
The reader estimated percent diameter stenosis for each internal carotid artery using both image and Doppler data. Doppler peak systolic flow velocities below 1.5 m/s were assumed to indicate the absence of significant (50%) lumen stenosis. Gray-scale imaging data alone were then used to estimate percent diameter stenosis as absent (0%), mild (1% to 24%), or moderate (25% to 49%). Doppler peak flow velocities of 1.5 to 2.5 m/s were taken to represent stenosis of 50% to 74%; Doppler flow velocities of 2.5 m/s or greater indicated 75% to 99% stenosis. The last category included totally occluded internal carotid arteries. In all the analyses presented here, studies coded by the reader as having normal Doppler flow velocities but uninterpretable gray-scale images were included in the 0% stenosis category. For analysis, the midpoint of each category was used, that is, 0%, 12%, 37%, 67%, 87%, and 100%, respectively.
To quantify the degree of thickening of the carotid artery walls, the multiple measures of wall thickness were summarized into two variables, one for the common carotid and one for the internal carotid artery. The maximum wall thickness of the common carotid artery was defined as the mean of the maximum wall thicknesses from each view of the near and far walls on both the left and right sides. The maximum wall thickness variable of the internal carotid artery was defined in the same way.
Smoking
Smoking behavior was ascertained by self-report. Ages at initiation and quitting (if applicable) were obtained. Participants were classified as never-smokers if they responded that they had smoked fewer than 100 cigarettes or 5 packs of cigarettes during their lifetime. Former smokers were those who reported having smoked at least 100 cigarettes or 5 packs of cigarettes during their lifetime and had not smoked during the previous 30 days. Among never-smokers, a question was asked about whether anyone living with them smoked cigarettes regularly, an indicator of exposure to passive smoking. One hundred eighty-three participants answered "yes" to this question.
Prevalent Cardiovascular Disease
Prevalent cardiovascular disease (CVD) was defined as confirmed history of myocardial infarction, angina pectoris, stroke, or congestive heart failure or a history of coronary angioplasty or bypass surgery. Algorithms for classification of prevalent disease in CHS have been published. 12 
Statistical Analysis
Univariate and multivariate analyses were performed using the sPss program for personal computers. Adjustments were done using ANCOVA. These analyses are based on participants who had complete data on smoking and common carotid wall thickness (5080), internal carotid wall thickness (5035), and stenosis (5031).
Results
Of the 5201 individuals enrolled in CHS, 2919 (57.1%) were women and 2197 (42.9%) were men. The cohort was largely white (94.8%), with blacks accounting for 4.6% and other races for 0.6%. Mean age was 72.7 years. The distribution of the CHS population by smoking categories is shown in the Table. A larger proportion of women than men were never-smokers or current smokers, whereas more men were former smokers. For both sexes, the proportion of current smokers decreased with increasing age, and the proportion of never-smokers generally increased with age. Mean age for neversmokers was 73.4 years, for former smokers 72.5 years, and for current smokers 70.8 years.
Smoking was positively and significantly related to carotid artery wall thickness and to degree of stenosis. After adjustment for age, sex, and race, mean wall thickness and percent stenosis by smoking status are displayed in Fig 1. Since no significant differences were observed between never-smokers exposed to and not exposed to passive smoking, these two groups were combined in the analysis. Former smokers had thicker carotid walls and higher degrees of stenosis than neversmokers. The same was true of current smokers compared with former smokers. These differences persisted after further adjustment for total and high-density lipoprotein (HDL) cholesterol, fasting glucose and fac- Among former and current smokers, dose-response relations were seen between pack-years of smoking and carotid artery disease. Mean carotid artery wall thicknesses and degree of stenosis increased with increasing quartiles of pack-years of smoking, significantly for all three outcome measures (Fig 2) . Adjustment for the same covariates as above did not change these findings (P<.0001). Pack-years of smoking ranged from 0 to 240 years (median, 29 pack-years).
The difference in mean maximum internal carotid wall thickness between current smokers and nonsmokers was 0.390 mm after adjustment for age, sex, and race. This difference was greater than the difference associated with 10 years of age among never-smoking CHS participants, 0.310 mm, and points to the powerful effect of smoking on carotid artery disease. As previously reported from CHS, maximum stenosis and maximum internal and common carotid artery wall thicknesses all increased significantly with age (P<.0001). 13 The prevalence of clinically significant (.50%) internal carotid artery stenosis increased from never-smokers (4.4%) to former smokers (7.3%) to current smokers (9.5%) (X2=27.7, P<.0001). Discussion Smoking has been reported to be a risk factor for carotid artery wall thickening or stenosis in hospitalbased studies and in population-based studies of middle-aged populations. 3-8'12'13 This study confirms that smoking in the elderly is also strongly associated with atherosclerotic disease, assessed in three different ways: internal and common carotid artery wall thickening and narrowing of the arterial lumen. The associations included thicker walls and higher degrees of stenosis from never-smokers to former smokers to current smokers. There was also a dose-response effect of pack-years of smoking, confirming previous reports of smoking and wall thickness in studies of younger persons.36"14 These findings could not be explained by the effect of potential confounders, including other risk factors for atherosclerosis. Since some participants may have quit smoking because of illness such as heart disease, it is important to note that the associations were also strong and consistent among those without prevalent cardiovascular disease as among the entire cohort. As previously reported in hospital-based studies,6 the strength of the associations differ between different segments of the carotid distribution and are generally stronger in the internal than in the common carotid. The reasons for these site differences are not known.
To put the strength of the association between smoking and wall thickness in perspective, we compared smoking with perhaps the strongest risk factor for wall thickening, namely, age. When current smokers are compared with never-smokers, the difference is greater than the difference between participants who are 10 years different in age.
Cigarette smoking is a risk factor for clinical cardiovascular events, possibly partly through its association with higher fibrinogen levels, hemoglobin concentration, and reduced myocardial oxygen supply. 15 During early phases of atherosclerotic plaque buildup, the arterial lumen usually enlarges to maintain an adequate lumen size. 22 While the presence of wall thickening without significant stenosis represents early disease, the presence of discernable stenosis usually represents somewhat more advanced disease. Because the associations with smoking were consistent both with regard to wall thickening and to degree of stenosis, smoking may be associated with both early and later stages of the atherosclerotic process. Although intimal-medial thickening measured by ultrasound cannot be unequivocally attributed to atherosclerosis, it is a plausible estimate of atherosclerotic changes in the arterial wall. As reviewed by Heiss et al,6 atherosclerotic structural changes of the arterial wall are known to progress through the stage of diffuse thickening of the tunica intima, which in turn represents the principal site of localized atherosclerotic lesions. Summary
Our findings in this population-based study of older adults confirm previously reported associations between cigarette smoking and carotid atherosclerosis observed in younger and sometimes select populations. In addition, the findings are consistent for different measures of the atherosclerotic process. Thus, there is now abundant evidence for a strong, graded, and biologically plausible association between cigarette smoking and extracranial carotid artery atherosclerosis across diverse study designs and populations, all of which support a causal interpretation of this relation.
